INTRODUCTION
Environmental sustainability involves multiple aspects. One is the reuse of waste materials rich in nutrients and organic matter. Adequate disposal of nutrient-rich effluent prevents chemical and microbiological contamination and reduces environmental impact. Incorporation of wastewater into the soil or other agricultural substrates for fertilization purposes is an interesting alternative from a sustainability and environmental conservation perspective. Wastewater treatment can produce profitable materials, thereby favoring sustainable economic activities and fostering the creation of economically viable environmental programs and new waste disposal sites for industries. Such projects reduce environmental pollution and impacts and raise public awareness of environmental issues (Gouveia, 2012) .
Effluents must meet several requirements prior to discharge into water bodies, according to CETESB Article 18 (CETESB, 2002) and CONAMA Resolution No. 430 (CONAMA, 2005) . Thus, adequate treatment of wastewaters is of extreme importance for environmental preservation and law compliance. In some cases, depending on the recalcitrance of its components, wastewater may require a post-treatment step to meet discharge standards, such as biological treatment.
Pharmaceutical industries generate large amounts of waste with high organic content. Residues resulting from the production of antibiotics are an example of materials that contain recalcitrant components of high molecular weight. At high concentrations, these compounds are difficult to treat by conventional methods. For this reason, pharmaceutical wastewater is frequently dried and incinerated rather than treated, especially when the cost/benefit ratio is high. It thus becomes necessary to resort to emerging technologies or to a combination of two or more processes (for instance, chemical precipitation and advanced oxidation process) to treat pharmaceutical wastewater.
Discharge of pharmaceuticals and untreated pharmaceutical wastewater into domestic sewer lines, surface water, and groundwater has caused great environmental damage (Melo et al., 2009) . These wastes contain compounds of several therapeutic classes, such as hormones, analgesics, and antibiotics.
The agricultural industry generates large amounts of solid waste, including straw, crop residues, and animal wastes. Hundreds of metric tons of organic waste are generated annually in Brazil, which can be either a serious source of pollution if untreated or a valuable agricultural input to replace industrialized fertilizers.
Composting, one of the most environmentally friendly alternatives for recycling organic waste, is a controlled process of organic waste degradation under aerobic conditions. Compost can supply essential nutrients, especially carbon, for plant growth and also improve some physical characteristics of the soil, including soil density, a property that varies according to Rev. Ambient. Água vol. 14 n. 4, e2262 -Taubaté 2019 soil compaction. The decrease in soil density promoted by the addition of organic matter facilitates root penetration and increases total porosity, macroporosity, water permeability, and water infiltration (FAO, 2005) .
An environmentally sustainable agricultural system requires that soil nutrient and organic matter reserves be preserved. Carbon and nitrogen are important for plant growth. Stable soil organic matter is a source of essential nutrients for plant development (LAL, 2008; Misiewicz et al., 2017) .
Achieving sustainability is the goal of various agricultural production systems (Karlen and Rice, 2017) . Agroforestry, for instance, has seedling cultivation and tree planting as some of its core practices. Different substrates are used to grow seedlings until they can be planted. Substrate is a medium for growing plants ex situ. Mineral soil was the first substrate used for ex situ cultivation. Currently, most substrates consist of a combination of two or more components, which can be chosen from a large variety of materials.
Many studies showed that soil amendment with organic waste positively influences soil characteristics and plant development. Gomes et al. (2004) conducted a study on the cultivation of Anadenanthera colubrina in Red-Yellow Acrisol and reported that nutrient addition promoted an increase in base saturation, which in turn improved plant growth and resulted in increased dry weight. Cultivated species require the addition of adequate levels of nutrients to the culture medium. Soil organic matter is the primary source of nutrients in cultivated soils and serves as a temporary nutrient reserve. Its importance in maintaining and improving physical characteristics of the soil, such as water and air infiltration, water retention, and soil aggregation, and in controlling the fate of pesticides is well known (Srinivasan et al., 2012) .
Maintaining and increasing soil organic matter levels in the highly weathered soils of tropical regions is a great challenge. In tropical agricultural areas, organic residues and fertilizers are frequently applied to the soil to enhance microbial activity and mineralization rates (Guimarães et al., 2014) .
Studies analyzed the effects of wastewater or effluent irrigation. Depending on the characteristics of the material, either positive or negative effects may follow. A comprehensive review of this topic was published by Kaur and Sharma (2013) . The study provided a list of effluents that can be used for fertilization purposes but underscored that some may negatively impact physical and chemical soil characteristics. Kalyva (2017) presented a review of the disposal of pharmaceuticals in the environment, discussing their fate, transport, aquatic and terrestrial pollution potential, and risks to populations. Probably because of the well-known negative impacts of pharmaceuticals on the environment, few works focus on investigating the beneficial effect of pharmaceutical wastewater irrigation.
This study aimed to evaluate the potential of using a fertilizer obtained from pharmaceutical wastewater to grow Schinus molle in different substrates. The effects of fertilizer addition on chemical and physical characteristics of substrates, plant growth, and nutrient absorption were evaluated.
MATERIALS AND METHODS
Pharmaceutical effluent, specifically, effluent from syrup production, was used to obtain the fertilizer. In addition to pharmaceuticals, the effluent had a high content of sucrose, N, K, Mg, Na, and P (in the form of phosphate). The presence of these elements and the high C content (present in sucrose) makes this material a potential source of plant nutrients.
As the effluent had a high organic load, treatment by oxidation processes would not be feasible. Organic matter was therefore chemically precipitated via an innovative process. Sucrose was the major component of the precipitate. Detailed information about the precipitation reaction will not be presented in this paper because the process is being patented. After precipitation, pretreated wastewater was submitted to vacuum filtration to separate the solid phase from the liquid phase. A calcium hydroxide (Ca(OH)2) solution was added to the solid phase at 1:3 (w/w). The mixture was oven-dried at 105°C to avoid chemical and microbiological degradation during storage. The dried material was ground and sieved through 2 mm sieves, affording the fertilizer used in plant experiments. Grinding and sieving provides powders with standardized particle sizes and promotes particle homogenization, which improves soil reactivity. The liquid phase obtained after filtration was not used in this work. It will be treated by an oxidation process to meet the legal requirements for wastewater discharge. Figure 1 shows a flow diagram of the process used to obtain the fertilizer. The process can be used in an industrial setting. S. molle (popularly known in Brazil as "aroeira-salsa") was used for the experiments. Samples were collected from the Taboão Ecological Park, Lorena, São Paulo, Brazil (22°47′26″ S 45°66′11″ W). The species grows rapidly and has a high ornamental value in the Zona da Mata mesoregion of Minas Gerais (Mafia et al., 2004) . It is naturally found in semideciduous seasonal forests in Paraná and in other ecosystems. The species is also available in nurseries throughout Vale do Paraíba.
We evaluated the effects of two factors, substrate and fertilization, on plant growth and nutrition. Three types of substrates were evaluated with and without the addition of fertilizer, in triplicate, totaling 18 experiments.
Soil or composts (obtained by aerobic composting) were used as substrates. Red-Yellow Acrisol with medium loamy texture (EMBRAPA, 2006 ) was collected at a depth of 0-20 cm. The soil is typically found in the study region. Composts were produced in the Taboão Ecological Park, located in Vale do Paraíba. Compost 1 was obtained from a nursery that grows seedlings of trees native to the Atlantic Forest. It was composed of several organic residues generated in the Park, such as pruning and mowing residues, cattle manure, and wastewater from washing tubes and livestock pens, as well as sand and worm humus. Compost 2 was composed of grasses and leaves and was obtained from a nursery in the Taboão Ecological Park. Fertilizer was used at 40 g kg −1 soil to provide the necessary amount of nitrogen for nursery growth (Van Raij et al., 1997) .
Substrates and fertilizer were sieved through a 2 mm sieve. One-month-old seedlings were planted in 0.25 L black plastic bags and kept at room temperature for 90 days. Plants received the same amount of water throughout the growing period. All nursery practices (establishment of the nursery site, seedling formation, and seedling handling) were in accordance with the guidelines of the Brazilian Agricultural Research Corporation (EMBRAPA, 2016) .
After the growing period, substrates and aerial parts of the plants were characterized
Rev. Ambient. Água vol. 14 n. 4, e2262 -Taubaté 2019 chemically and physically following the methods of EMBRAPA (2009; 2011) . Aerial parts were oven dried at 65°C and the dry weight was measured. Plant height was also determined. The density of growing media was determined or quantified following the methods of EMBRAPA (2009). Available Ca, Mg, K, Na, and P were extracted with Mehlich 3 extraction, and exchangeable Al was extracted using a 1 mol L −1 KCl solution. The elements were quantified by inductively coupled plasma optical emission spectrometry (ICP-OES). Chemical oxygen demand (COD) was determined to estimate the amount of C. Organic matter was oxidized by potassium dichromate in acidic medium at high temperature in the presence of a catalyst. Subsequently, absorbance was measured at 620 nm. N content was determined by digesting the sample in acidic medium, followed by distillation using borate/sodium hydroxide buffer to adjust the pH to 9.5. The concentration of ammonia N was quantified spectrophotometrically at 420 nm. Analyses were performed when the plants were collected and at the end of the evaluation period (90 days). Table 1 shows the physicochemical characteristics of the fertilizer. Its neutral pH (7.0), high content of organic carbon and base cations (Ca, Mg, and K), and undetectable Al content are interesting features for agricultural application. The physicochemical characterization of fertilized and unfertilized substrates is shown in Table 2 .
RESULTS AND DISCUSSION
Several beneficial effects of the addition of fertilizer to growing media were observed, such as an increase in pH, cation content, and base saturation and a decrease in exchangeable Al. A three-fold increase in organic carbon content was obtained with the addition of fertilizer as well as an increase in plant-available P and N. Regarding the substrates' physical characteristics, there was a small decrease in soil density, which is also a favorable effect. An increase in Na content was observed in fertilized soil as compared with unfertilized soil; however, the same was not observed for composts 1 and 2. This effect in soil nutrient content may be due to the chemical components used in the process to obtain the fertilizer. There is a lack of research on the use of pharmaceutical wastewater as soil fertilizer, which hinders comparison of the results obtained in the present work. However, various studies have assessed the impacts of different wastewaters on soil. In a long-term field experiment, Al Omron et al. (2012) observed an increase in soil organic matter (from 17% to 30%) in sewage-irrigated soils as compared with soils irrigated with well water. The increase of 13 percentage points is considerably lower than that observed in the present study. Sewage irrigation reduced soil bulk density, as observed in the present study with the addition of wastewater-derived fertilizer.
Positive and negative reported effects of wastewater on soil pH have been reported in the literature. Al Omron et al. (2012) observed that soil pH decreased with sewage irrigation. Contrarily, other authors (El-Hady, 2007; Osaigbovo and Orhue, 2006; Rusan et al., 2007) reported an increase in soil pH with wastewater irrigation, as was the case in the present study.
Rev. Ambient. Água vol. 14 n. 4, e2262 -Taubaté 2019 Domestic sewage sludge might increase soil fertility. Yadav et al. (2002) reported a build up of total N (2908 kg ha −1 ), available P (58 kg ha −1 ), and available K (305 kg ha −1 ) in the soil. In the present study, soil N increased from 31.2 to 49.4 mg kg −1 after fertilization. Considering that the lowest soil bulk density was 2.4 kg dm −3 , we estimate that the increase in N content obtained in our study (from 75 to 118 kg ha −1 , approximately) was substantially higher than that of Yadav et al. (2002) . P content increased from 13 to 73 kg ha −1 , reaching values higher than that of the mentioned study, whereas K content increased from 9 to 216 kg ha −1 because the fertilizer was relatively poor in this nutrient.
We emphasize that this type of comparison should be performed with extreme caution. The wastewaters evaluated in the above-mentioned studies are different from the wastewater used in of our study, as are the rates and periods of application, soil type, and plants. The comparisons indicate that the changes in soil parameters observed in this work are of the same order of magnitude as those reported in the literature.
Sodification (Na accumulation) might occur with as a result of frequent wastewater irrigation (FAO, 2007) . In this case, Na might displace other cations, such as Ca and Mg. High sodium levels might affect soil structure by reducing soil permeability (Sumner, 1993) . In the present study, soil Na content did not increase substantially with fertilizer application. However, seedlings were cultivated for a short period. Long-term field application is necessary to evaluate better the effects of Na on soil and plant characteristics. Table 3 shows the characteristics of plants cultivated in fertilized and unfertilized growing media. Fertilized plants were taller and had a greater absorption of C, N, and P than unfertilized plants. Plants grown in compost 1 had a lower Ca content than plants grown in compost 2, probably because compost 1 had more nutrients.
The literature presents evidence of the environmental contamination potential of pharmaceuticals. Carter et al. (2014) studied the fate (in-soil degradation, transport, and plant uptake) of analytical grade carbamazepine, diclofenac, propranolol, and sulfamethazine in Tepko soil in Australia. Wu et al. (2015) studied the fate of pharmaceuticals and personal care products added to soil irrigated with treated wastewater or biosolid-amended soil. Carter et al. (2018) studied the sorption, plant uptake, and metabolism of benzodiazepines, a widely used class of pharmaceuticals that are recalcitrant to wastewater treatment. According to the authors, the mechanisms involved in pharmaceutical uptake and transport in plants are very complex. Few studies focus on the effects of wastewater on plant nutrient uptake. Cruz et al. (2016) reported that Tabebuia spp. grew at a faster rate in Acrisol fertilized with C, N, P, and Ca than in unfertilized soil. However, because of the complexity of plant uptake and transport mechanisms, it is very difficult to compare the effects of different wastewaters on plant nutrient absorption.
CONCLUSION
Effluent-derived fertilizer improved the characteristics of all growing media, increasing pH and C, N, P, K, Mg, and Ca contents while decreasing Al content and soil density. However, fertilization increased Na content. Further research is needed to assess the effects of fertilization on soil Na levels.
Plant growth (measured by dry weight and height) and nutrient uptake were enhanced by fertilization. The best results were obtained using compost 1, as it contained the highest concentration of nutrients.
